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Abstract 
 
The humpback limia (Limia nigrofasciata) is a sexually dimorphic (with males and 
females with different physical features), livebearing fish from the Family Poeciliidae that is 
endemic to (occurs exclusively to) Lake Miragoane in Haiti. My thesis assesses the role of fish 
size and courtship behavior of male Limia nigrofasciata in mate choice by females of the 
species. Female choice of male size was evaluated by a choice test experiment, in which the 
female is presented with two males of different sizes placed in separate spaces on opposite sides 
of the female (dichotomous choice test). The amount of time each female spent near the spaces 
with the respective males, was recorded, averaged, and the test repeated to allow statistical 
evaluation. To study courtship, fish were introduced into an empty aquarium one at a time, 
starting with a female and subsequently adding more fish while alternating sexes, and observing 
courtship behaviors. Females statistically significantly preferred larger over smaller males. 
Courtship behaviors also played a role in breeding biology; males displayed elaborate courtship 
behaviors to females and dominance behaviors to other males, whereas females simply accepted 
or rejected males. My findings enhance the understanding of the breeding biology of Limia 
nigrofasciata, and can thereby inform conservation approaches.  
Introduction  
 
 This project characterized female sexual preference for male size and male courtship 
behavior to gain insight into sexual selection patterns of the humpback (or black-barred) limia, 
Limia nigrofasciata, a poeciliid fish species found only in Lake Miragoane on the Tiburon 
Peninsula of southwestern Haiti (Cruz & Munger, 1999). Lake Miragoane has one of the largest 
assortments of freshwater fish in the Caribbean including ten endemic (restricted to a single 
location) limia species (Rivas, 1980). Many poeciliids are critically endangered or there is a lack 
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of data to determine what the status is of different species (Stockwell & Henkanathegedara, 
2011). Water quality and the introduction of new species into the lake can affect the native 
animals of Lake Miragoane; environmental pressures can impact the native fauna, such as 
predation pressure or competition for food. Several environmental changes have the potential to 
decrease visibility in the lake. Deforestation of the areas around lake Miragoane is the cause of 
considerable sediment drainage into the lake (Brenner & Binford, 1988). Sewage also drains into 
the lake. Furthermore, the introduction of non-native species may also have an effect on the 
humpback limia such as the introduced tilapia (P. Weaver, 2015, pers. comm.). Conservation 
efforts require a better understanding of the habitats and behaviors of these fish, such as 
reproductive behaviors, that depend on visual cues and may be affected by water turbidity.  
Sexual selection, which makes certain individuals more likely to mate than others based 
on inherited characteristics (Andersson, 1994), is key to understanding the humpback limia. 
Sexual selection can often lead to males and females being physically distinct from one another 
as is the case of the humpback limia (Cruz & Munger, 1999 for more detail, see below). These 
physical differences between males and females can play a crucial role in sexual selection; males 
can compete for mates by fighting one another or males can show off to the females by 
displaying their physical characteristics or by courting the female through different behaviors. 
Specifically, this thesis examines intersexual selection, the choosiness of one sex (here, the 
females of Limia nigrofasciata) based on the appearance or behavior of the other sex 
(Andersson, 1994).  
Several aspects of the sexual behavior of Limia nigrofasciata were studied previously 
(Keeney, 2013; Munger et al., 2004; Farr, 1984). The courtship behavior of the humpback limia 
was briefly documented by Farr (1984). Nibbling and gonopodium (an “anal fin modified into a 
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intromitent [secondary sexual characteristic] organ” (Cruz & Munger, 1999) used in sperm 
transfer) thrusting (defined below) were frequently observed, but the details of the sequences of 
courtship behaviors were not described. Nibbling involves males nibbling at the genital region of 
the female, and gonopodium thrusting involves the male attempts to mate with the female by 
inserting his gonopodium (modified anal fin used as a copulatory organ in sperm transfer) into 
the genitals of the female. In a study of male aggressiveness, Keeney (2013) found that male 
aggression was not correlated with male size in humpback limia or a closely related species, tiger 
limia with different male physical appearances. Another behavior that has received attention is 
copying, where females copy each other’s mate preference. Females of the humpback limia were 
found to prefer males, for which another female had exhibited a preference (Munger et al., 
2004). The present thesis extends these previous studies on Limia nigrofasciata by quantifying 
female preference for male size and characterizing male courtship behavior. I hypothesized (i) 
that females will prefer larger males because size can be an indicator of male fitness. I 
furthermore hypothesized (ii) that female size will not correlate to male size preference, and (iii) 
that adding additional fish (alternating of sexes) to a courtship tank by adding fish alternating in 
gender, will affect both male and female mating behavior.  
Background 
 
Sexual Selection 
 
In sexual selection driven by females, females (female choice) select for male physical 
and behavioral traits that are thought to be indicators of male’s overall fitness (see below) as 
determined by the male’s inheritable individual genotype (genetic make-up) (Andersson, 1994; 
Zuk et al., 1990). Conversely, sexually selected traits have the potential to negatively affect an 
individual’s fitness if such traits, e.g., increases exposure to predation or are energetically costly 
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(Andersson, 1994). Fitness, as reproductive success, compares how many offspring an individual 
can produce relative to other individuals of the same species. In mating systems, where the 
female selects for males (female choice), and competition among males is high because 
competitive ability may correlate with a higher fitness (Wong & Candolin, 2005). Female 
preference can thus lead to an exaggeration of the selected traits, and even males exhibiting 
sexually selected traits that bear risks may be selected for if these males are fit enough to survive 
to sexual maturity. Secondary sexual traits, physical traits that differ between the sexes but are 
not directly related to reproduction (Hendry & Ole, 1999), are indicators of overall male fitness 
because males with these traits have reached sexual maturity despite higher predation risks 
and/or traits that require more energy to grow (Andersson, 1994). Females may also select 
against certain traits, such as those resembling traits of another species (Robinson et al., 2011). 
The latter behavior can lead to what is termed stabilizing selection, where moderate phenotypes 
are more successful than extreme phenotypes, rather than what is known as directional selection, 
where extreme phenotypes thrive more than moderate ones (Andersson, 1994), as is often seen 
for positive sexual selection (Robinson et al., 2011). Females may also select against certain 
traits that are indicators of other undesirable behaviors. In the poeciliid Xiphophorus birchmanni, 
females selected against large sword tails that are correlated with greater levels of male 
aggression that can be detrimental (Robinson et al., 2011). Males who are aggressive with other 
males may also be more aggressive with females, and this increased aggression can lead to 
females prefering less aggressive males (Robinson et al., 2011). Aggression can also be an 
indicator of dominance of a given male among a population of individuals. This characteristic 
may be important in species where males play a role in the raising of young by, e.g., guarding 
territories or eggs from predators (Pyron, 2003).    
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Dominance and courtship behaviors are common in sexual selection. Male-male 
interactions can be costly; dominant males often keep females away from other males via 
aggressive interactions (Agrillo et al., 2008). Larger, more colorful males are more likely to court 
females, whereas smaller males use sneaky behavior, or coercive behavior, where males force 
mating, with females (Deaton, 2008). Courtship behaviors have been associated with factors, 
such as species recognition, and with of fitness (Farr, 1999). Because males of many poeciliid 
species do not display to females, courtship behavior may be a way for species to recognize 
individuals of their own species between species with similar physical characteristics. Both mate 
behavior (such as courtship or parental behaviors) and male physical characteristics are 
important in sexual selection (Hill et al., 1999). 
Physical characteristics with a key role in sexual selection include intense coloration that 
has been observed in many animal species, particularly in males. Color patterns may draw 
attention to courtship displays (Kodric-Brown & Nicoletto, 2001). The intensity of coloration 
can also indicate how motivated the male is to reproduce (Kodric-Brown & Nicoletto, 2001). 
Coloration has also been shown to be an indicator of the female condition. In female bluebirds, 
intense coloration, is a potential indicator of maternal feeding rates to offspring (Siefferman, & 
Hill, 2005). Secondary physical characteristics can contribute to sexual selection for multiple 
reasons. In jungle fowls, Gallus gallus, increased comb size (a secondary sexual characteristic) 
indicated dominance among males, and females were more likely to mate with a male with a 
larger versus a smaller comb size (Zuk, et al., 1990). Secondary physical characteristics can also 
be an indication of health. Such condition-dependent ornaments indicate how well a male is able 
to maintain the ornament and good health and can, therefore, indicate desirable genes for passing 
on to offspring (Zuk, et al., 1990). Diet can also affect the coloration and ability of an individual 
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to maintain secondary sexual traits (Birkhead, et al., 1998). If the individual is unable to obtain 
the appropriate amount of food, if will not have the resources to maintain these physical sexual 
characteristics or participate in courtship behaviors.  
 
Study Organism  
Limia nigrofasciata is a live-bearing freshwater fish in the family Poeciliidae, a family 
diverse in its trophic ecology and habitat associations (Meffe et al., 1989). Poeciliids include fish 
well-known in the aquarium trade, such as guppies, mollies, platies, and swordtails. Poeciliids all 
share a similar body shape with a distinctly upturned mouth and typically bright-colored males 
that possess an modified anal fin, the gonopodium, used to fertilize the female (Lowe-
McConnell, 2012). Male Limia nigrofasciata generally devote large amounts of energy towards 
females in courtship (Lowe-McConnell, 2012). Many species of poeciliids have not been well 
studied, including humpback limia. Unlike most members of the Limia genus, the humpback 
limia is a sexually dimorphic species (the two sexes differ in physical characteristics), where 
males display courtship behavior to females (Cruz & Munger, 1999, Farr, 1999). In sexually 
dimorphic species, sexual selection typically selects for certain physical traits relating to the 
gender of the individual (Lozano, 2009). The present study examined male sizes as a possible 
sexually selected trait as well as assessing the courtship behavior of the species.   
While both sexes of the humpback limia have yellow-grey coloration with black lateral 
lines down their sides (Fig. 1 & 2), males generally feature more distinct bands as well as humps 
that increase in size with age, “sail-like dorsal fins” (Cruz & Munger, 1999; Montano, pers. 
comm.), and black spots on their dorsal and caudal fins. Another distinct feature of male 
humpback limia is their gonopodium fin. Males can grow to 52 mm and females to 51 mm (Lee 
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et al, 1983). Females can have between 15 and 30 offspring that must hide in vegetation because 
adults have been known to eat their young (Lee et al., 1983). While males of many species can 
be territorial and defend a physical space against foreign individuals, especially those from their 
own species (Andersson, 1995), and are thus potentially aggressive towards one another, females 
are less aggressive.  
Humpback limias exhibit complex mating behaviors where males will display, or show 
off physical traits, to females consistently through courtship. These behaviors range from 
intensifying coloration, a nipping of the gonadal region, to males displaying their fins to the 
female. If the female is receptive, males display gonopodium flexing behavior, where the 
gonopodium is inserted into the reproductive region of the female. A receptive female will allow 
the male to swim closely (Cruz & Munger, 1999). Despite the effort males display to court 
females, there also is what is termed sneaky mating, which may not involve courtship behavior, 
where the male forces the mating process on the female (the male’s gonopodium is “thrust into 
the female’s genital pore from behind even if she is not receptive to the male’s advances”; (A. 
Montano, pers. comm.), which occurs especially where groups and smaller males are involved. 
This can also lead to successful fertilization of the female.  
Poeciliids, like most animals, are subject to predation from other fish, snakes, birds, and 
invertebrates, which can affect behavior, coloration, size at maturity, courtship, reproductive 
effort, sex ratio, and habitat selection (Meffe & Snelson, 1989). For example, coloration in 
individual poeciliids can be affected by the presence or absence of a predator, causing the fish to 
match the surrounding background (Meffe & Snelson, 1989). Prevailing predation risk can 
therefore affect female preference for male traits such as color (Lozano, 2009). Females 
presumably prefer larger and more colorful males in the absence of predators; at the same time, 
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females may still choose more colorful males even in the presence of predators as an indicator of 
male fitness, manifested as the ability of the male to evade predators despite a highly visible 
appearance (Lozano, 2009).  
Poeciliids inhabit fringe habitats, habitats characterized by unstable and harsh physical 
(abiotic) conditions such as extreme or variable temperatures and salinity levels; few other fish 
inhabit these areas (Meffe & Snelson, 1989). The “diversity of habitats used by the family and 
individual species indicates that poeciliids are a robust and highly adaptive group” (Meffe & 
Snelson, 1989). Furthermore, a single gravid (impregnated) female is able to start a new 
population in a new location, which makes poeciliids perfect colonizers (Meffe & Snelson, 
1989). Owing to their pronounced salinity tolerance, some poeciliids are able to move from 
saltwater to freshwater (Meffe & Snelson, 1989), allowing them to survive in various salinity 
conditions. 
Limias inhabit waters throughout the West Antilles. There are multiple theories as to how 
the ancestral species of the humpback limia may have come to inhabit Lake Miragoane. It was 
originally argued that these islands were inhabited via overwater dispersal from the mainland 
based on the water current directions (P. Weaver 2015, pers. comm.). There is also an argument 
of vicariance colonization (or a physical separation between populations) through a land 
connection. However, the Greater Antilles Aves Ridge model (GAARLANDIA) suggest that 
ancestral limia species colonized the West Indies from South America through a presumed land 
connection (P. Weaver 2015, pers. comm.). Ancestral limias were presumably able to colonize 
Haiti because of the uplift of the land with the decrease in sea water levels and due to the high 
tolerance of Poeciliids have for high salinity levels (P. Weaver 2015, pers. comm.). Limia 
nigrofasciata then presumably evolved in isolation in Lake Miragoane. Limia nigrofasciata and 
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its closest relative, the tiger limia, developed in physical isolation of one another. Up until 
10,500 years ago, Lake Miragoane was dry, and the two species likely evolved in the lake after 
they had been in isolation of one another (humpback limia at the north end and tiger limia at the 
south end) (P. Weaver, 2015, pers. Comm.).  
 
Figure 1: Photograph of male Limia nigrofasciata taken January 2015 in the laboratory of Dr. 
Alexander Cruz, University of Colorado at Boulder. 
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Figure 2: Photograph of female Limia nigrofasciata taken January 2015 in the laboratory of Dr. 
Alexander Cruz, University of Colorado at Boulder.  
Materials and Methods 
 
Role of Male and Female Size in Female Choice 
Thirty female fish were selected for this experiment. The length of each fish was 
measured from the mouth to the caudal peduncle, a narrowing of the lateral body profile of the 
fish in front of the tail (Fish & Lauder, 2006). Female size ranged from 34-46 mm with an 
average size of 39.4 mm (+ SD 3.35). Females were isolated in two 20--gallon (80--liter) tanks 
(15 fish per tank) for two weeks before experiments began. The two males used in this 
experiment were 31 mm and 49 mm long, respectively. Two males were used to minimize extra 
variables that may otherwise contribute to female selection. Each male was isolated in its own 
40-liter tank for two weeks. The experimental tank (80-liter) had three sections separated via 
glass sections, such that fish could see each other but not come in contact with one another (Fig. 
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3 and Fig. 4). The average female size (39.4 mm) was doubled to design an association zone that 
is large enough for the female to be in if she preferred one male over the other (Robinson et al., 
2011; Pyron, 2003, Robinson et al., 2011; Munger, et al., 2004). Lines were drawn vertically on 
the outside of the tank 78.8 mm away from the glass dividing each section (Fig. 4). For 
reference, tape with a drawn filled-in square (representing the large male) and tape with a drawn 
open square (representing the small male) was placed above the side in which the male was 
present. This design allowed for a clear marking of video footage for which side each male was 
on. Tape with the number corresponding to the female subject was placed above the tank for 
reviewing after trials. The testing tank was placed in a corner with covers on two sides to insure 
that females would not be distracted during the trial period.  
         Each female was used in two trials, each lasting 15 min, with a 15 min intermission 
period between trials. During this intermission, males were switched from one side of the tank to 
the other (Ala et al., 2010). For example, if the smaller male had been in the left section and the 
larger male in the right section for the first trial, their positions were switched for the second 
trial. Black plastic dividers were placed against the glass dividers between trials to block the 
females’ sight of males during the intermission period. Trials were videotaped and subsequently 
reviewed using a Panasonic HDC-HS9 video camera (Panasonic Corporation, Osaka, Japan) and 
windows media player. Each female was used for a total of 45 min of trials and intermission 
periods combined. The amount of time each female spent within the 78.8 section (association 
zone) on either side of the middle section was recorded and averaged for the two trials with 
reversed sides for the males, and repeated to allow statistical evaluation. The two trials were 
averaged for each female a total of 30 trials obtained with 30 different females. Dependent t-tests 
were used to compare the average period of time females spent with each size of male fish (using 
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R). A linear correlation test was used to determine if there was a significant correlation in the 
size of the female fish in relation to the time spent with each male fish using Excel and R.   
 
 
 
 
  
Figure 3: Photograph of dichotomous mate choice testing tank taken October 2014 in the 
laboratory of Dr. Alexander Cruz, University of Colorado at Boulder. The filled in square 
indicates the side with the large male, and the empty square indicates the side with the small 
male.  
15 
 
Figure 4: Aquarium design and placement of fish for male size experiment. Aquarium sides and 
back were painted black to minimize external disturbance (Munger et al., 2004) 
 
 
Courtship Behavior 
Two 10-gallon (40-liter) tanks were used to isolate males and females from one another. 
Each tank had 20 fish of each sex. A third tank (5 gallons or 20 liters) was used to observe 
smaller populations of limias. Over a week, fish were introduced to the smaller tank one at a time 
alternating sexes and starting with a male; a day separated each addition. Six fish total were 
added to the tank (three males and three females). The fish were observed with a Samsung PL20 
digital camera (Samsung Corporation, Seoul, South Korea). Courtship behaviors were described 
in relation to various other courtship articles used for different fish as a reference (Magyar & 
Greven, 2007; Bowling Green State University; Farr, 1984; Greven, 2010).  
 
Results 
Role of Male and Female Size in Female Choice 
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 In the experiment targeting female mate choice, females spent significantly more time (p-
value = 0.0372) on the side of the tank with the larger male (Figure 5). Although, there was no 
significant correlation between female size and their propensity to choose either a larger or 
smaller male (data not shown). There does was a minor, albeit non-significant one (p-value = 
0.3934, R
2
 = 0.0126), for females to spend more time with males as a function of how much 
larger these males were than the females. 
 
Courtship 
 Behavioral elements displayed by males in the 40-liter tanks included gonopodium 
thrusting, gonopodium display (Fig. 7), dorsal-fin display, nipping, and color intensification (Fig 
8). Male behavior was broken down into the categories of display (dorsal fins, gonopodium, and 
coloration of stripes and fins), approaching female, and copulation. Males also established 
dominance within the tank and  submissive males were frequently isolated in a corner. When a 
submissive male tried to move from the corner, the dominant male would gonopodium thrust or 
nip at the male and would keep him away from females in the tank as much as possible. This also 
included the dominant male physically separating females from other males by putting himself in 
between the submissive male and females. Females either accepted (allowed gonopodium 
thrusting by not swimming away) or rejected (not allowing gonopodium thrusting by swimming 
away or keeping close to the bottom of the tank) the male. The next section contains a qualitative 
description of possible behaviors as affected by the specific numbers of males and females 
present. 
One Male, One Female 
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Approaching the female: When the female was introduced to the tank, the male began to 
approach the female. This involved bumping up against the female to bring his gonopodium to 
her genital region or from behind to bring his mouth to the genital region of the female.  
Display: The male approached the female by behind and/or following beside the female. 
The male displayed his dorsal fin by flexing the fin. The coloration of the vertical stripes and 
dorsal fin intensified. The male may also display his gonopodium to the female by flexing his 
gonopodium and arching his back, or a sigmoid shape (Fig. 8). The male spent his time 
swimming around the female showing off all of his fins by swimming directly in front and to the 
side of the female. 
Copulation: If the female approved, the male swam behind and nipped at her genital 
region. When not rejected by the female, the male gonopodium thrusted into the female (Fig. 2). 
This involved the male swimming up against the female and directing the gonopodium into the 
genital region of the female. After the gonopodium thrust, the male began the display process 
again.  The female accepted the male’s courtship behaviors by not swimming away from the 
male. This courtship sequence continued as the male and female swam around one another. 
The female behavior was mostly limited to either accepting or rejecting the display of the male. 
In this instance, the female accepted the male’s display. 
         Accepting: The female accepts the male’s displays by allowing him to gonopodium 
thrust. She does not swim away if she is accepting of the male’s display. If the female does not 
want to mate with the male, she will either swim away or keep so low to the bottom of the tank 
that the male cannot attempt to mate with her. 
 Two Females, One Male 
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When a second female was introduced, the male displayed in a similar fashion as he did with the 
first female (approaching the female, display, figure eight, nipping, and copulation). The male 
focused his energy on the new female. His efforts did not seem to affect the female when the 
female was uninterested in the male. She displayed rejection behavior. 
Rejection: The female was unimpressed with the male and did not allow him to come 
close to her genital region with either his mouth or his gonopodium. The female did this by either 
swimming away whenever the male came close, by staying close to the bottom of the tank in 
such a way that the male did not physically have access to the female’s genitals, or by not paying 
attention to the male’s display efforts. When she did not pay attention, she physically faced in a 
different direction than the male.  
Two Males, Two Females 
During this time, a younger, less sexually mature male was introduced. He did not have a highly 
developed dorsal fin or hump. When the new male was introduced, the mature male displayed 
dominance behavior and the younger male displayed submissive behavior. During these highly 
involved behaviors of the males, little attention was paid to the females. The two males’ behavior 
changed to establish their dominance between the two. 
Dominance: When a new male was introduced, the original male became highly 
aggressive towards the new male. The original male swam directly next to the new male while 
displaying his dorsal fins and coloration intensified. Nipping and gonopodium thrusting were 
also observed to assert dominance. The original male mirrored the new male’s movements. 
When the newer male tried to display to either of the females, the original male would put 
himself between the newer male and the female. 
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Submission: The newer male did not flex his dorsal fin when the original male was 
present. His coloration was also less intense during submission to the dominant male. 
After ten minutes of accepted submission, the newer male did not make much of an attempt to 
display or copulate with the females. 
Two Males, Three Females 
When a third female was introduced to the tank, the dominant male directed all of his attention to 
the newest female. This left the other two females free for the second male to try to copulate. 
Similar behaviors as seen previously, such as display, approaching the female, copulation, 
rejection, acceptance, dominance, and submission were observed. The submissive male’s display 
and copulation attempts were not sustained as long dominant male’s behavior in the tank only 
the one male and one female; the submissive male was quicker with his courtship sequence to 
females. This brought about sneak copulation attempts from the submissive male. 
Sneak Copulation: This involved copulation from a male that includes little or no display 
prior to copulation, as previously observed. Sneak copulation, in turn, is gonopodium thrusting 
without consent of the female (Brooks & Caithness, 1999). Rather than displaying his dorsal fins 
or gonopodium to the female, the male swam beside the female and quickly gonopodium 
thrusted into the female. 
Three Males, Three Females 
For this constellation, a third male was introduced, and was a more mature male then the second 
male. The similar physical appearance between the dominant male and the newest male lead to 
more extreme dominance displays by the dominant male. 
Dominance: The second (dominant) male began to display his dominance to the newest 
male in a similar fashion as he did to the younger male. He swam directly next to the new male 
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flexing his dorsal fin and intensifying his coloration. The new male responded by also flexing his 
dorsal fin and intensifying his coloration; this began a standoff between the two males. In 
response to the challenger, the second (dominant) male began to nip and gonopodium thrust into 
the newest male. Only when the newest male toned down the dorsal fin display and coloration, 
did the second (dominant) male stop nipping and thrusting. The newest male then began to 
approach and display to the females. Like before in the similar situation, the second (dominant) 
male worked to physically put himself in between the male and the female he was attempting to 
copulate with. When this did not stop the newest male from trying to mate with the females, the 
second (dominant) male became more aggressive. He began to nip at the male even more so than 
before. When the newest male tried to swim away from the dominant male, the latter male 
chased and continued to nip at the new male. The nipping was not only reserved for the newest 
male. A female that accepted either of the males’ copulation attempts, or a male that attempted to 
display to a female, received this intense aggression from the second (dominant) male. This 
continued until all fish (male or female) were at the borders of the tank. If a fish tried to swim 
towards the middle of the tank, the second (dominant) male swam at them and nipped them. 
Once none of the fish moved from their respective corners or hiding spots, the dominant male 
displayed his gonopodium as previously observed as a display behavior meant for impressing 
female fish (Fig. 8).  
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Figure 5: Average time (in seconds) spent by females on the respective sides of the tank as 
dependent on male size. (t =2.1839, p = 0.0372) 
 
 
 
Figure 6: Time spent by female in association zone as a function of the difference in size 
between male and female fish. (R
2
 = 0.0126, p-value = 0.3934 ) 
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Figure 7: Gonopodium display (arched back, dorsal fin and gonopodium flexed). Picture taken in 
the laboratory of Dr. Alexander Cruz, University of Colorado at Boulder. 
 
Figure 8: Courtship sequence -1: approach female, 2: dorsal fin display, 3: figure eight display, 
4: nipping at genital region, 5: gonopodium thrust, Modified after (Greven, 2010) 
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Discussion  
Role of Male and Female Size in Female Choice 
 
My findings can be summarized by stating that all females preferred larger males, and 
that there was no evidence for a significant preference of females for a male of a size similar to 
their own.  
There are many reasons why female fish might prefer larger over smaller males. A larger 
male may produce offspring with higher growth rates (Reynolds, 1992; Andersson, 1994, Neff & 
Pitcher, 2005). Furthermore, male size can be a condition-dependent indicator of other traits such 
as avoidance of parasites or energy efficiency in growth and reproduction (Reynolds et al., 
1992). Territory size and quality, pheromones (molecules released into the environment by an 
individual to communicate with other individuals of that species, Campbell, 2009), body 
pigmentation, and mating history are also factors that correlate with a large body size (Deaton, 
2008). Larger body sizes may indicate aggression level, and females may choose a larger male 
because this male is more likely to be a dominant male (Pyron, 2003).  More dominant males 
may be better competitors for mates (Deaton, 2008).  Females may also prefer larger males 
because of correlations of overall male size with the size of other physical aspects (Robinson et 
al., 2011) such as, size of the dorsal fin or the humpback of the male. The sail-like dorsal fin and 
the humpback increase with age (Farr, 1999), and the effects of sexual maturation on female 
sexual preference could be observed.  
There was little courtship behavior seen in the male size test. Because males and females 
were separated via glass during each trial, there was no physical contact between fish. Males 
were frequently were observed swimming close to the glass to try to get the female’s attention. 
There was no typical courtship behavior such as nipping or dorsal fin display to the female 
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observed during trials. This may suggest that tactile cues or pheromones are also important for 
sexual selection. 
Courtship Behavior  
 Males in the courtship tank displayed several courtship behaviors in the present study, 
whereas females did not. This phenomenon has been observed in the animal world, where only 
males display courtship behaviors with elaborate and complex behaviors that eventually lead to 
copulation (Demir et al., 2005). In insects, for example, females are not involved in elaborate 
courtship behaviors; a female will instead simply allow the male to copulate with her or not 
(Demir et al., 2005). Nibbling and gonopodial thrusting were observed on part of the males in the 
present study, as had also been reported by Farr (1999). The fact that males swam around 
females in the figure eight (Fig. 8) presumably allows the female to see the full spectrum of the 
male’s physical characteristics. I observed that males displayed more intensely to a female when 
no other male was present, while, in the presence of another male much more energy is invested 
into asserting dominance than actually working to copulate with females (Jirotkul, 1999). This 
aspect to the project was involved only qualitative observations, it and thus allowed no statistical 
evaluation. However, the findings of these qualitative observations allow several speculations. I 
speculate that there may be a tradeoff between courtship behavior and dominant behavior from 
the male when more than one male is present. Conversely, a submissive male would have a 
decreased chance of approaching and copulating with a female in the presence of a dominant 
male present. Male-male competition has been observed in other studies to have an inverted U 
shape; as the number of individuals in the tank increases, male competition increases until a 
certain number of fish are present and male competition plateaued. As more fish were added to 
the tank, male competition decreased (Jirotkul, 1999). With a decrease in competition, there was 
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more of an opportunity for males to sneak-mate with females. The lack of female courtship 
behavior is consistent with females being the choosy sex in the intersexual selection of 
humpback limia.   
Gonopodium Thrust in Dominance Behaviors  
 Gonopodium thrusting was observed in both dominant behavior and courtship behavior. 
Male-male interactions in sexual selection are very common, and include males nipping of other 
males by approaching another male from behind and quickly biting the male’s gonopodium 
(Kodric-Brown, 1993). In Poecilia reticulata, male-male interactions have included “chases”, 
where one male pursues another male that may have been trying to swim away. “Face-offs” have 
also been observed, where males are facing one another in close proximity to one another for an 
extended amount of time (Nuffer & Alburn, 2010). The gonopodium thrust used in dominant 
behaviors was clear in this study; however, there is little literature about a male sex organ used in 
dominant behavior. This behavior may be an important aspect to how males assert their 
dominance. 
Sneaky Copulations 
 Sneak copulations, as observed here in limia have been found in multiple environments. 
Predation may lead to an increase use of sneak copulations. Courtship behaviors can be risky 
behaviors when predators are around. To counter act this risk, Poecilia reticulata have been 
observed to display less courtship behaviors and more sneak mating tactics when there is an 
increase in predation risk (Godin, 1995). There was also an increase in sneak behaviors when 
more fish were added to the tank. This has also been observed in Poecilia reticulata. As more 
males were present in the environment, more coercive intersexual interactions (sneak 
copulations) were observed (Head & Brooks, 2006). Sneak copulations among submissive males 
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was observed in this study. There is a possibility for further research of how dominance plays a 
role in sneak behaviors.  
Overall, a better understanding of the various aspects of sexual selection in Limia 
nigrofasciata is crucial to increasing success of conservation efforts. If we can understand how a 
species reproduces, we can take efforts to conserve the species. For example, because courtship 
and size seem to play a role in the sexual selection of the humpback limia, visual cues must be 
important in their reproduction. If waters become too turbid (from pollution), or cloudy, then 
these visual cues may be lost and reproduction and sexual selection may be altered. There is little 
research done in freshwater environments. Species in freshwater systems are vulnerable to 
factors like global warming and droughts (Abell, 2002). Fresh water systems are also vulnerable 
to human activities such as non-native species introductions and deforestation or sewage 
affecting the water quality of the body of water (P. Weaver 2015, pers. comm.). Since freshwater 
populations are isolated decreasing numbers of individuals result in a decrease in genetic 
variation . With small populations, genetic diversity can decrease (Young et al., 1996) due to 
genetic drift (allele frequencies that change from one generation to the next, especially in small 
populations) (Campbell, 2009), which can make populations vulnerable to extinction.  
Limitations of the Present Study and Proposed Future Studies 
 
 As stated above, an important limitation of the present study was sample size. Thirty 
females were tested, which allowed me to ascertain a significant relationship between female 
preference and male size, but is nevertheless a relatively small sample size. To test for a possible 
effect of the size differential between female and male size, more fish would need to be tested. 
Additionally, these tests were done in a lab setting. There may be additional factors that 
contribute to sexual selection of females for certain male characteristics, such as display, 
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coloration, and pheromones. The line of Limia nigrofasciata used here had been maintained 
under lab conditions for multiple generations and had not been obtained directly from Lake 
Miragoane, which could contribute to differences between wild and aquarium populations. Fish 
maintained in aquaria for generations can be subject to artificial selection and inbreeding because 
of tank isolation and small numbers of individuals (Zuk et al., 1990). Furthermore, in natural 
settings factors such as pheromones, predation risk, and environment, could affect female 
selection in addition to courtship behavior and dominance. Because the present study focused on 
the effect of male size on female selection, other aspects involved in the mating behavior of 
Limia nigrofasciata could not be observed; for example, a three dimensional picture of what is 
involved in sexual behaviors of the fish was not available (Kodric-Brown & Nicoletto, 2001).  
While female of Limia nigrofasciata clearly prefered larger males, the specific reasons 
for this preference remain unknown. To elaborate on what it is about male size that is attractive 
to females, additional size experiments should assess, e.g., the ratio of overall male size to dorsal 
fin size. Size. To combine the two aspects of the present study, another future study should 
include how male size may be related to the number of courtship behaviors. This may lead to an 
increase in understanding as to why females prefer larger males.  
To further address the trend of female and male size correlation, a similar study should be 
done to examine if there is in fact a trend, for females to prefer larger males as a function of the 
size difference between the female and the male. To do this, sample size should be increased to 
assess this correlation and possibly lead to more significant statistics.  
Furthermore, while courtship plays a role in copulation between male and female fish, the 
relationship between size and courtship behavior is also unknown. Future research on Limia 
nigrofasciata should be designed to examine the effect of courtship behaviors and dominance 
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levels male success in copulating with females. Dominance is another key aspect to the sexual 
selection of Limia nigrofasciata. Examining various factors such as dominance affecting 
copulation with females and size effects on dominance could be a possibility for future studies.  
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